Objective: To study suicide rates in elderly people in the former European Community, known as the European Union (EU) since late 1993, to identify differences between early members (admitted to the EU before 2004) and new members (admitted after 2004), and to evaluate the association between macro-socioeconomic variables and suicide rates.
S uicide among older adults is a critical public health problem. In a recent cross-national study of 62 developing and developed countries, Shah 1 reported an increase in suicide rates with age in men and women in 25 and 27 countries, respectively. The suicide rate for the elderly in many countries is higher than that of any other age group, with rates among people aged 75 years and older roughly 3 times that of adolescents. 2 Rates of death by suicide in elderly people may vary locally as well as between countries. For example, Oyama et al 3, 4 reported suicide rates of 275 to 360 per 100 000 inhabitants per year in 2 Japanese towns.
Pooled international data published by the WHO 5 show a rise in the rate of death by suicide with age. For men, the rate increases from 19.2 per 100 000 inhabitants in the group aged 15 to 24 years, to 55.7 per 100 000 per year in those aged 75 years and older. For women, the respective rates are 5.6 and 18.8. The male to female ratio for deaths by suicide in the elderly ranges between 3:1 and 4:1, similar to that of other age groups.
Several risk factors have been proposed for explaining suicidal behaviour, both at the area or state level (macrosocioeconomic factors) and at the individual level (microsocioeconomic factors). 6 The former may be seen as largely responsible for the variation in social conditions that foster different national suicide rates, while the variation in the latter explains why a particular person will succumb to suicide whereas others in broadly similar circumstances will not. 7 Suicide risk factors at the state level include, for example, levels of deprivation or social fragmentation, [8] [9] [10] societal integration, 11, 12 isolation (low population density and high proportion of single-person households), 1 3 unemployment, 13, 14 public welfare expenditures, 15 ruralurban differentials in residents, [16] [17] [18] and access to health care. 19, 20 All of these variables have been found to be associated with suicide and self-injurious behaviour in high-income countries.
A classic work by Sainsbury et al, 21 investigating the relation between suicide rates and social variables, indicated that European suicide rates were associated with social variables, and that indicators of family stability, social anomie, and socioeconomic change would predict higher suicide rates in subsequent years.
Recently, O'Reilly et al 22 and Agerbo et al 23 have suggested that differences in the rates of suicide between regions may be a result of population characteristics rather than macro-socioeconomic factors, while other authors, such as Breault, 24 have argued that the association between suicide and macro-socioeconomic variables are "fortuitous." p 19 In the elderly, Shah and Bhat 25 reported an inverted U-shaped curve relation between suicide rates and the percentage of the total health budget spent on mental health, the number of psychiatric beds, and the number of psychiatrists per capita. Conversely, improved health care for the elderly is found to be associated with a decline in suicide rates for the elderly. 26, 27 Giles-Sims and Lockhart 7 conducted crosssectional research on suicide rates for the elderly in the United States to describe how macrosocial indicators of social integration contribute to cross-state variation in suicide rates for the elderly. The authors identified 5 significant variables: income was inversely related to suicide rates, especially among men; the proportion of a single state's population adhering to a religious denomination was inversely associated with suicide rates; suicide rates among the elderly decline as the nursing facilities in single states receive more adequate material support and as the state regulates nursing facilities more carefully; firearm availability has a strong positive relations with suicide rates for the elderly; and a factor named "suicide imitation," 7, p 705 related to contiguity of the states with higher suicide rates for the elderly, is strongly associated with suicide rates. The results of the study led the authors to conclude that socioeconomic and policy environments of each state pose differing degrees of problems for many elderly people, affecting the social meaning of physical and psychological problems, and sometimes offering effective means for the elderly to cope with their difficulties.
Shah 28 recently examined the relation of suicide rates for the elderly to measures of unemployment in a cross-national study of 27 countries and found no statistically significant associations between the variables. Consistent with this result, Gunnell et al 26 found no association between suicide rates and unemployment in people aged 60 years and older. However, the authors reported that increases in national gross domestic product, the size of the female workforce, marriage, and AD prescribing may have been associated with a decline in suicide rates among the elderly in England and Wales. 26 Our ecological study explored temporal trends since 1980 in age-adjusted suicide rates for people aged 65 years and older residing in the former EC, currently known as the EU (the EC formed in 1967 and became known as the EU in late 1993). We examined differences between EU members admitted before 2004 (the 15 member states of the EU before May 1, 2004 We also studied associations between macro-socioeconomic indices and suicide rates. The distinction between early and new members of the EU is justified by 4 major considerations: the strong differences in their recent history (early, Western EU members have undergone slow changes in the last few decades, whereas most of the new, Eastern EU members have undergone rapid societal changes and have experienced continued instability in the last 20 years); the 2004-2007 enlargement of the EU to new members was the widest enlargement in the history of the EC; other ways of dichotomization of EU countries (for example, categorization based on religion, ethnicity, or language), although possible, will be factitious; and the enlargement of the EU to countries of the former Soviet Bloc was long desired (since 1989, the year of breaking down the Berlin Wall) by the institutions of the EU. However, when the enlargement was approaching, the same institutions feared a widening in the economic gap and health inequalities in the EU. [29] [30] [31] Our paper also discusses implications for North American countries.
Method
The data were extracted from the WHO's European DMDB, and the WHO's European HFA-DB. 32 The DMDB contains mortality-based indicators and is a supplement to the generic HFA-DB. The raw mortality data are submitted by the European WHO member states to the WHO Regional Office for Europe or to the WHO Headquarters. The age-adjusted suicide rates retrieved for our study cover the period from 1980 to 2006. The macro-socioeconomic indicators selected were: gross domestic product (in US$ per capita), gross national product (in US$ per capita), real gross domestic product (expressed as PPPs per capita, an internationally comparable scale reflecting the relative domestic purchasing powers of currencies), total government expenditure (as a percentage of the gross domestic product), annual average rate of inflation, unemployment rate (the ratio, expressed in percent, of officially registered unemployed people with the total labour force, that is, the number of people above a specified age who are capable of working, an indirect measure of social instability and stress, which may result in higher rates of criminal victimization of the elderly and impact the availability of relatives and caretakers), percentage of urban population, total health expenditure (expressed as PPPs$ per capita), WHO estimates of public expenditure on health (expressed as PPPs$ per capita), WHO estimates of public expenditure on health as the percentage of total government expenditure, acute care hospital beds per 100 000, and GPs per 100 000. The data for some socioeconomic indices covered the entire study period, while the data for other indices covered only part of the period.
Statistical Analysis
State-related differences in age-standardized rates of suicide for the period from 1980 to 2006 were estimated using relative risk, with 95% confidence intervals via Poisson regression, with robust error variance and Newton-Raphson maximum likelihood optimization technique 33 ; relative risk scores higher than 1 indicate a higher risk for the new EU members.
To explore trends in age-standardized suicide rates, loglinear joinpoint regression models were used. Joinpoint regression analysis identifies points where a statistically significant change over time in linear slope of the trend occurred. 34 We used grid search methods to fit the regression function with unknown joinpoints assuming constant variance and uncorrelated errors. Then, we set the minimum and maximum number of joinpoints to 0 and 3, and tested how many joinpoints were statistically significant and should be added to the model. Permutation tests were used to select the best model. In the final model, each joinpoint indicates a statistically significant change in trend. To represent change in trends, AAPCs were reported. 35 Pearson correlation indices were employed to test bivariate associations between age-adjusted suicide rates and macro-socioeconomic variables. Multivariate associations among significant variables and suicide rates were tested using sequential linear regression analyses with a stepwise method. Predictors were grouped as economic variables, national indices for health resources, and percentage of urban population, and then inserted in sequential blocks.
All the analyses were performed with commercial statistical packages, 36 including SPSS software, version 13.0 (SSPS Inc, Chicago, IL).
Results

Suicide Trends in EU Senior Citizens
Between 1980 and 2006, age-standardized suicide rates in the elderly, per 100 000 per year, were 22.90 (SD 3.79) for the early EU members and 31.30 (SD 4.74) for the new EU members (t = 7.19, df = 52, P < 0.001). Suicide rates in elderly men were 39.13 (SD 5.33) and 54.52 (SD 6.23), respectively, for the early EU members and the new EU members (t = 9.76, df = 52, P < 0.001), while suicide rates in elderly women were 13.20 (SD 3.29) and 17.27 (SD 3.92), respectively, for the early EU members and the new EU members (t = 4.14, df = 52, P < 0.001). Thus age-adjusted suicide rates in the EU were different between early and new members. Citizens aged 65 years and older who were new members of the EU were almost 1.04 (95% CI 1.03 to 1.05) times as likely as those in the same age group who were early members of the EU to kill themselves (z = 11.95, P < 0.001) (women: RR 1.04, 95% CI 1.03 to 1.06, z = 5.68, P < 0.001, and men: RR 1.03, 95% CI 1.02 to 1.03, z = 15.88, P < 0.001).
The graphs in Figure 1 Suicide rates for the elderly in the early EU members increased steadily from 1980 to 1986 (AAPC = 1.2, for all the elderly; AAPC = 1.2, for women; AAPC = 1.5, for men), and then decreased during the 1990s and the first years of the new century, although the decrease in suicide rates tended to be less rapid in the last few years studied. For the new members of the EU, suicide rates for the elderly declined during the whole index period, except for women, who were stable for most of the 1980s. This decline in suicide rates was more rapid at the end of the 1980s and in the beginning of the 1990s.
Association Between Suicide Rates in EU Seniors With Macro-Socioeconomics Indices
All of the macro-socioeconomic indices were strongly associated with age-adjusted suicide rates in EU senior citizens, except for unemployment rates ( Table 2 ). The indices were generally associated with suicide rates for seniors as predicted, except for the acute care hospital beds per 100 000 inhabitants-increased suicide rates for the elderly were associated with increased numbers of acute care hospital beds. Moreover, the number of acute care hospital beds per 100 000 inhabitants was inversely related to other measures regarding health policy (public expenditure on health as percentage of total government expenditure) (WHO estimates): Pearson r = -0.99, P < 0.001; GPs per 100 000: r = -0.82, P < 0.001; public expenditure on health, PPP$ per capita: r = -0.97, P < 0.001; and total health expenditure, PPP$ per capita: r = -0.92, P < 0.001) (not listed in the tables). Urbanization was negatively associated with suicide rates-the more people living in the cities, the lower the suicide rates for the elderly.
To examine multivariate associations between suicide rates and socioeconomic variables, 3 sequential regression analyses (stepwise method) were performed, with suicide rates as the dependent variable and socioeconomic variables as predictors ( Table 3 ). The first analysis resulted in 3 significant models explaining between 96% and 97% in the variability of the data. However, the third model failed to explain more variability of the data than the first 2 models (R 2 change = 0.001; F change = 0.04, df = 1,12, P = 0.84). In the first model, only one predictor was significant (t = 18.76, P < 0.001): public expenditure on health as percentage of total government expenditure (standardized coefficient [b]: -0.98). In the second model, only one predictor was significant (t = 2.41, P < 0.05): acute care hospital beds per 100 000 (b = 0.91).
The analysis of suicide rates for elderly women resulted in 4 significant models explaining between 91% and 97% of the variability in the data. However, the last model failed to explain more variance than the former models (R 2 change = 0.000, F change = 0.004, df = 1,12, P = 0.95). In the first model, only one predictor was significant (t = 11.70, P < 0.001): public expenditure on health as a percentage of total government expenditure (b = 0.96). In the second model, 2 predictors were significant: public expenditure on health as a percentage of total government expenditure (b = -2.69; t = 3.54, P < 0.01) and real gross domestic product, PPP$ per capita (b = 1.74; t = 2.29, P < 0.05). In the third model, only one predictor was significant: acute care hospital beds per 100 000 (b = 1.69; t = 3.30, P < 0.01).
The analysis of suicide rates for elderly men resulted in one significant model explaining 96% of the variability in the data (F = 368.01, df = 1,13, P < 0.001). One predictor was significant: public expenditure on health as a percentage of total government expenditure (b = -0.98; t = 19.18, P < 0.01).
Discussion
Our results indicate that suicide rates in elderly members of the EU are decreasing significantly, both in early and in new members with a comparable speed (-2.0% AAPC, compared with -1.9% AAPC), in line with a general tendency for the whole EU population. 37 However, there are 3 major considerations:
1. While in early EU members the average speed of decrease is similar in elderly men and women (-3.1% AAPC and -3.1% AAPC, respectively), in new EU members the average speed of decrease is higher in elderly women (-2.9% AAPC) than in elderly men (-1.4% AAPC).
2. In early EU members, the average speed of decline in suicide rates is slower in the last decade, both in elderly men and women.
3. In the years under examination, small but significant differences exist in suicide rates among elder citizens according to their residence in new or early EU countries. This may mean that, in the future, we will see a little inequality in overall suicide rates among early and new EU members, but greater inequality between elderly men and women, especially in the new EU members. Thus EU health policies must plan new prevention programs directed toward elderly men who will remain the population at higher risk of suicide. The results of our study are consistent with previous research indicating significant associations among suicide rates and state-level socioeconomic factors. In our study, all of the socioeconomic indices studied were strongly associated with age-adjusted suicide rates for the elderly, except for unemployment rates. This last finding is consistent with recent results from Shah 28 and Gunnell et al 26 who found an association between suicide rates and unemployment only in English and Welsh younger adults, but not in the elderly. This probably means that unemployment, a measure of social instability and a powerful stressor for young adults, may not play a major role in the group aged 65 years and older, an age when Multivariate analysis identified several models explaining suicide rates for the elderly in the EU. Two factors were the strongest predictors of suicide rates in the EU: public expenditure on health as a percentage of total government expenditures and acute care hospital beds per 100 000. These 2 factors were present in most of the regression models, the first as a protective factor and the second as a risk factor. It is difficult to explain why a higher percentage of acute care hospital beds is associated with higher suicide risk. Perhaps resources are allocated more to prevention tactics that influence the suicide rate in the general population and not to acute medical care. This is consistent with research that has documented a protective role of variables such as economic aid for mental health services, the number of psychiatrists and physicians, and the prescribing of ADs. 19 Thus, when higher public health expenditure for acute care is associated with lower expenditure for other resources, including preventive programs, as our results point to, a health policy may act as risk factor for suicide. Moreover, the number of GPs per 100 000 inhabitants inversely correlates to the suicide rate of the elderly; however, higher number of GPs does not necessarily have great impact on suicide behaviour in the elderly. Research on risk factors at the individual level indicates that elderly people who die by suicide have frequently seen their family physicians within the 6 months before their suicide. 38, 39 Despite this, mood disorders may be underdiagnosed in older adults. Rapp et al 40 indicated that only 8.7% of inpatients with depression were correctly diagnosed as depressed by junior medical staff. Koenig et al 41 reported that, among their sample of older inpatients identified as depressed, junior medical staff documented the diagnosis in medical files for only 20% of them. Even after the physician had been informed that comorbidity with major depression was possible in their older inpatients, only 27% of these patients received psychiatric consultation and only 13% were given ADs. Zhang et al 42 reported that only 16% of symptomatic depressions were correctly diagnosed by medical physicians.
Suominen et al 43 identified all people who attempted suicide and were treated in hospital emergency departments in Helsinki from January 1997 to January 1998 and found that, during the last 12 months before their attempt, most of the elderly people who attempted suicide had contacts with primary health care, but only 4% had been diagnosed with a mood disorder, although the rate of diagnoses rose to 57% after the attempt. Consistent with the study by Suominen et al, 43 Salib and Green 44 found a high proportion of suicides for men and women (38% and 16%, respectively) with psychiatric morbidity but not known to clinical services.
Our results point out that inequalities in suicide rates in the EU may be associated with economic factors such as public expenditure on health or gross domestic product. However, we did not consider other relevant social factors, such as social stress and fragmentation. As Durkheim 45 argued, during periods of rapid social change, norms become unclear and society's hold over people is weakened, resulting in a state of anomie that leads to higher rates of suicide. Most of the new EU members have experienced rapid societal changes and continued instability in the last 20 years. However, as Makinen 46 indicated, a general trend of suicide mortality in Eastern Europe cannot be identified, despite all countries going through similar transformations. The author stated that from his results it is obvious that rapid transformations of society do not, per se, or necessarily, produce more suicide, and aspects of society that usually change very slowly may buffer the association between suicide and rapid societal change.
There are some limitations to the generalizability of the results of our study. First, the explanatory factors used in the multivariate models may be highly correlated, presenting problems of multicollinearity. Second, some associations among variables may be strong at a population level but not at an individual level. Third, the number of factors investigated may increase the likelihood of false-positive findings. Fourth, the suicide rates analyzed may be biased at the state or regional level (for example, data may be biased by possible state-level differences in death certification procedures, 47, 48 although some authors consider national suicide statistics reliable enough to be used in comparative epidemiologic studies [49] [50] [51] , and not all countries officially produced suicide mortality data for all of the years examined (for example, several countries did not produce official data for 2006); all of these factors could falsely exaggerate differences in the suicide rates among EU states.
Last, we have also to consider whether our results are generalizable to other societal structures; for example, those of North American countries such as Canada, Mexico, and the United States. It is evident that there are great differences between EU and North American countries. Among the differences, we may list differences in labour laws, demography and geography, societal values (such as individualism, compared with collectivism, or individual responsibility, compared with social responsibility), roles and popular perceptions of governments, or approaches to education and educational attainment. However, we can see some similarities between our results and the literature regarding suicide in North America. First of all, we may also see in North America some evidence that government expenditures may have an impact on suicide. For example, Zimmerman 15 carried out a pooled time-series analysis of US spending for public welfare and suicide rates from 1960 to 1995, controlling for sociodemographic variables such as divorce and unemployment rates. She found that suicide rates increased in states that reduced their spending on per capita public welfare. Similarly, Giles-Sims and Lockhart 7 found that, in the United States, while variables traditionally associated with suicide (such as divorce rates and church attendance) were associated with suicide rates for the elderly in the predicted direction, states with elderly-friendly policies for long-term care and Medicaid provisions had lower suicide rates for the elderly. Thus Giles-Sims and Lockhart concluded that state-level public policies have the potential to reduce the suicide rates of the elderly.
Even between Canada and the United States there are some differences. There were different trends 52 . Elderly men in the New World countries had consistently higher suicide rates than elderly men in the Old World countries. However, there was no consistent difference for elderly women. This study is significant in light of the difference between early and new EU members indicated in our study, and it will be interesting to study whether parallelism exists between the situations in the EU and in North America.
Conclusion
Deaths by suicides in the elderly are declining in all EU nations, but inequality in suicide rates exists among elderly men and women, especially in new EU members. Different health policies may affect, with various degree of efficacy, the suicide risk in older EU citizens. It is important to increase accessibility to health resources and to improve the quality of the EU health systems; for example, by improving preventive programs for the elderly at risk of suicide and psychopathology. Résultats : Dans les années examinées, il y a eu une diminution générale des taux de suicide chez les membres nouveaux et anciens de l'UE, bien que plus lentement pour les hommes âgés que les femmes âgées. La diminution des taux de suicide chez les citoyens de 65 ans et plus était associée à une différence petite mais significative entre les nouveaux membres et les premiers membres de l'UE (RR = 1,04; IC 95 % 1,03 à 1,05; z = 11,95, P < 0,001). Les indices macro-socioéconomiques étaient fortement associés aux taux de suicide ajustés selon l'âge chez les citoyens âgés de l'UE, à l'exception des taux de chômage.
Résumé : Inégalités des taux de suicide chez les personnes âgées de l'Union
Conclusions :
Les décès par suicide chez les personnes âgées sont en déclin dans tous les pays de l'UE, mais les inégalités des taux de suicide chez les hommes et les femmes demeurent, surtout chez les nouveaux membres de l'UE.
